To determine the epidemiological and clinical characteristics of patients who were discharged from the emergency department (ED) and subsequently proved to have bacteremia, we prospectively assessed all patients examined in the ED during an 18-month period from whose blood cultures a significant organism was isolated. Discharged patients were contacted and reevaluated. Two case-control studies were conducted, in which each study patient was matched with a total of 4 control patients. During the study period, 46,336 patients were examined in the ED; 78% were adults and 22% were children. Blood cultures were performed for 25% of the adult patients and for 44% of the children. Although the occurrence of occult bacteremia in patients who were discharged from the ED is 3.7 times more common in children than in adults, the absolute numbers of discharged adults and children with occult bacteremia are similar. Careful clinical assessment will not prevent discharge of some of these patients; however, these patients in general do well and can be safely recalled for reevaluation and complementation of therapy.
Febrile illnesses are among the most common conditions evaluated in every emergency department, and their investigation often includes performance of blood cultures [1] . Positive blood culture results more often than not indicate the presence of a serious disease. However, it often takes at least 24-48 h before a small bacterial inoculum multiplies sufficiently in vitro to be detected by use of standard laboratory equipment; most clinical microbiology laboratories incubate blood cultures for 5-7 days before discarding them [1, 2] . Initial clinical assessment of a febrile patient may have led to obtainment of culture specimens but also to discharge of the patient before receipt of blood culture results.
Many emergency department physicians have been in the uncomfortable situation of being informed of a positive blood culture result for a patient who was discharged 1 or more days earlier. The situation raises questions regarding clinical performance and quality control, and it could expose the physician and hospital to litigation. Although occult bacteremia in children is a well-recognized entity and has been extensively studied [3] [4] [5] [6] [7] , there is almost no literature on its equivalent in adult patients [8] . This led to the decision to conduct this prospective study, with the dual purpose of determining the extent of occult bacteremia in adult patients who were discharged from the emergency department and defining the characteristics of the involved patients.
METHODS
This prospective study was conducted at Shaare Zedek Medical Center, a 550-bed university-affiliated Table 1 . Characteristics of 46,336 patients who were examined in the emergency department showing the proportions of patients for whom blood cultures were performed, the results of blood cultures, and the outcome of the visit. NOTE. The table excludes 19,603 patients in specialties in which infections are uncommon indications for referral and examination in the emergency department (e.g., orthopedics, otorhinolaryngology, ophthalmology, and gynecology and obstetrics), and for whom blood cultures are accordingly only infrequently performed.
a Medical and surgical patients. b The difference in rates of performance of blood cultures between adults and children was significant ( ). P ! .001 c The difference in rates of positivity of blood culture results between adults and children was significant ( ) P ! .01 d The incidence of discharge with occult bacteremia was 3.7 times more common in children than adults.
e Contaminants were coagulase-negative staphylococci, Bacillus species, Diphtheroids, a-hemolytic streptococci, and micrococci, unless isolated from у2 sets of blood cultures. The difference in rates of contaminants isolated from blood cultures of adults and children was significant ( ). P ! .001 teaching hospital, Jerusalem's second largest. The center includes most major departments and specialties, except transplantation and neurosurgery units. Included in the study were the findings of all blood cultures that were performed for patients admitted to the emergency department during an 18-month period, from 1 July 1996 through 31 December 1997. Laboratory workup for a patient with suspected infection at this facility usually involves the drawing of 1 or 2 blood specimens for culture, which are obtained by separate venipunctures, each yielding 5-10 mL of blood; a set of blood cultures always consists of an aerobic and an anaerobic medium-containing bottle. The laboratory employs the BACTEC 9240 system (Becton Dickinson Diagnostic Instrument Systems). Cultures are held for 5 days; terminal subcultures are not routinely performed, unless clinically indicated. Isolates are identified by use of the API system (bioMérieux); antimicrobial susceptibility testing is done by use of the Kirby-Bauer method and, in exceptional situations, by use of the E-test (Biodisk).
Physicians from the infectious diseases unit daily reviewed the results of Gram stains of all blood cultures that had positive results. Excluded were obvious contaminants, such as isolates of coagulase-negative staphylococci, Bacillus species, diphtheroids, micrococci, and a-hemolytic streptococci, unless such an organism was isolated from у2 different blood cultures [2, 9, 10] . The infectious diseases physician located the admitted patients by use of the hospital's computer and discussed diagnosis and treatment with the respective physicians. The same computer system provides demographic information on patients who have been discharged, including the time of discharge and the identity of the discharging physician. The infectious diseases physicians contacted the emergency department's physicians of patients whose blood culture results had become positive subsequent to discharge. The records of the patients were retrieved, and we reviewed them with the emergency department's physicians.
All discharged patients for whom blood culture results were positive, as previously defined, were called and asked to return to the emergency department for reevaluation. Demographic and clinical information from the initial visit as well as followup data were entered on a patient-specific form. This information included age, sex, acute physiology and chronic health evaluation (APACHE) III score for vital signs, laboratory test results [11] , and background diseases; principal diagnosis at discharge from the initial visit; number of blood cultures performed, percentage of culture bottles with positive results, and the identity of the isolated organisms; whether an antimicrobial was prescribed and, if so, which one; and the result of the phone call with the patient.
If a return visit was made, the following information was obtained: new APACHE III score and any change from the original score; outcome of second visit (admission or discharge); principal diagnosis at second visit; number of blood cultures performed, percentage of culture bottles that were positive, and the identity of the isolated organisms; and the antimicrobial agent that was prescribed, if any. The hospital's computerized records of emergency department visits and the microbiology laboratory's computerized records of blood culture results were analyzed for denominator information.
Two case-control studies were performed. In the first, each study cohort patient was matched individually to 2 control patients who had been discharged from the emergency department with the same diagnosis as the study cohort patient, and who had blood cultures performed that had remained sterile. In the second study, each study cohort patient was matched individually to 2 control patients who had been admitted to the hospital with similar (although possibly not identical) bacteremia (e.g., patients with Enterobacteriaceae were matched with patients with Enterobacteriaceae, a-hemolytic streptococci with a-hemolytic streptococci, etc.). Matching criteria were sex and age ‫5ע(‬ years of each other) in both case-control studies, and control patients had to have been taken care of during the same year as were the study patients. The first 2 patients to meet the matching criteria were included for analysis.
Data were entered in the Epi 6.04c program (Centers for Disease Control and Prevention). Analysis of data was done by Gemella species (1), Ochrobacter species (2), a-hemolytic streptococci (2), unidentified gram-negative bacillus (1), unidentified gram-negative coccus (1). e "Effective" indicates the organism was susceptible to the selected drug.
use of the Student's t-test and x 2 test, for comparison of percentages and means; univariate analysis was done with the same computer package.
was considered significant. ORs were P ! .05 calculated by means of standard formulae [12] .
RESULTS
During the 18-month period from 1 July 1996 through 31 December 1997, 58 patients were recorded for whom blood cultures yielded a significant organism after they had been discharged from the emergency department. The mean monthly incidence (‫ע‬SD) was patients. Table 1 shows that 4.0 ‫ע‬ 0.8 during this period 46,336 patients had been examined in the emergency department. The majority were adult medical and surgical patients (35,937; 78%); the remainder were sick children (10,399; 22%). Twenty-five percent of the adult patients had у1 blood culture performed, compared with 44% of the children ( ). A significant organism was isolated from P ! .001 5.5% of the cultures for adults, compared with 2.8% of those for children ( ). Of the adults with bacteremia, 94% had P ! .001 been admitted; of the pediatric patients with bacteremia, 78% had been admitted ( ). P ! .001 Therefore, it appears that 3.5 times as many adult patients as pediatric patients were examined in our emergency department; pediatric patients were 1.8 times as likely to have at least 1 blood culture performed; and cultures performed for adults were twice as likely to yield significant organisms than were those from children. Inadvertent discharge of patients with bacteremia was 3.7 times more common among children than it was among adults. During the study period, 28 children and 30 adult patients had been discharged who subsequently were shown to be bacteremic. Therefore, according to our study, the absolute numbers of adults and children who are discharged with occult bacteremia appear to be similar, owing to the significantly larger number of adult patients who are seen in the emergency department.
The mean age (‫ע‬SD) of the 28 children was years 1.9 ‫ע‬ 1.8 (median, 1 year; range, 1-10 years), and that of the 30 adults (у18 years) was years (median, 59 years; range, 18-86 53 ‫ע‬ 21 years). The clinical features of the 58 patients are shown in tables 2 and 3. Table 2 shows the baseline characteristics (i.e., those from the initial visit). Significant differences between adults and children include clinical diagnoses, organisms isolated, and antimicrobial treatment prescribed. Table 3 shows the follow-up features. Again, significant differences between adults and children were noted with regard to initial and subsequent clinical scores as well as antimicrobial treatment. All patients survived. Table 4 shows the results of the comparison of the study cohort with 2 control groups. Control group I consisted of patients who were discharged from the emergency department whose diagnosed infections were similar to those of the study cohort patients, but whose blood cultures remained sterile. Control group II consisted of patients who were admitted with bacteremia due to organisms similar to those isolated from the study cohort patients. Of the various differences Table 3 . Follow-up data for 58 patients with bacteremia who were inadvertently discharged from the emergency department (ED). between the groups, the most significant appears to have been the initial clinical score, which was ( ) 17 ‫ע‬ 11 mean ‫ע‬ SD among the study patients and in bacteremic control 23 ‫ע‬ 13 group II ( ), but only among control group I P ! . 01 13 ‫ע‬ 10 patients, who were not bacteremic (P ! .01). These differences were more pronounced for the pediatric patient groups than they were for the adult patient groups (table 4).
DISCUSSION
Although occult bacteremia in children is a well-recognized entity, and although it has been extensively studied [3] [4] [5] [6] [7] , there is almost no literature on its equivalent in adult patients [8, 13] . During routine practice, we intermittently encounter this problem, which raises questions regarding clinical competence and malpractice. This led us to conduct this prospective study, with the purpose of determining the extent of the problem and the characteristics of and outcome for involved patients.
The first part of the study was designed to determine the frequency of inadvertent discharge of patients with bacteremia from the emergency department. Rather than performing blood cultures for all patients being discharged in order to determine the "absolute" true incidence of the condition under examination, we prospectively reviewed all positive blood culture results for patients who were examined in the emergency department, and we located all patients, including those who had been discharged. In the 1.5-year study period, 30 (6%) of 487 adults with bacteremia, excluding those whose cultures yielded obvious contaminants, had been discharged, compared with 28 (22%) of 127 bacteremic children ( ). The mean P ! .001 monthly incidence (‫ע‬SD) was patients. Although 4.0 ‫ע‬ 0.8 occult bacteremia among patients who were discharged from the emergency department is 3.7 times more common among children than it is among adults, there appears to be у1 adult patient for each discharged child with occult bacteremia.
A comparison of adults and children revealed important dif- (20) 23 (20) 1 (1) Pneumonia 7 (12) 14 (12) 20 (19) Gastroenteritis 10 (17) 21 (18) 9 (8) Urinary tract infection 8 (14) 16 (14) 34 (32) Fever, source undetermined 6 (10) 10 (9) 0 Otitis media 4 (7) 7 (6) a Patients who were discharged with the same diagnosis as the study group, but with negative culture results. For matching criteria, see Methods. b Patients admitted with bacteria identical to that of the study group. For matching criteria, see
Methods.
c The difference between the study cohort and the control group was significant ( ). P ! .001 d The differences in diagnoses between the study cohort and control group II were significant (P ! ); the differences between the study cohort and control group I were NS. .001 e Abdominal pain (2 patients); brucellosis (2); Crohn's colitis, esophagitis, hyperglycemia, suspected viral hepatitis, lymphadenitis, cellulitis, and varicella infection (1 patient each). f Other: soft-tissue infection (6 patients), bacteremia/sepsis (10), abdominal pain (4), not infectious (2), viral hepatitis (1). g Other: soft-tissue infection (6 patients), bacteremia/sepsis (15), intra-abdominal infection (7), infective endocarditis (3), bone and joint infection (2), brucellosis (6), meningitis (3). h The difference between the study cohort and control group I and II was significant ( ). P ! .01 i The difference between the study cohort and control group II was significant ( ). P ! .05 j The differences in therapeutic approaches between the study cohort and control group II were significant ( ); the differences between the study cohort and control group I were NS. P ! .001 k Empirical antimicrobial therapy was prescribed; because culture results were negative, it is impossible to determine microbial efficacy. ferences. First, there was a difference in discharge diagnoses ( ). For instance, urinary tract infection was the single P ! .001 most important diagnostic entity among the adults (27%), but it was not diagnosed in any of the children. Second, completely different organisms were isolated from adults than were from children ( ), which reflects the different underlying di-P ! .001 agnostic categories. The often protean manifestations and indolent course of infections with Staphylococcus aureus, Brucella melitensis, Streptococcus pneumoniae, and Salmonella species [13] can explain why these organisms are most frequently isolated in blood cultures for children who are discharged from the emergency department. However, the most frequently isolated group of organisms in adult patients were Enterobacteriaceae. Although bacteremia that involves these organisms generally causes an acute illness, we believe that the fact that these patients had been discharged indicates a subacute clinical course rather than serious misjudgment on the part of the discharging physicians. The benign outcome for all of these patients underlines this observation.
Several clinical scores have been developed for the identification of febrile children !2 years old who are unlikely to have serious bacterial infections. Both the Rochester and Milwaukee clinical scores employ a combination of physical signs and laboratory values that fit within specific parameters [3] [4] [5] 14] . We used the APACHE III clinical score to assess the patients. Although this score was developed for critically ill patients, we appreciated its high success rate in predicting clinical courses, as well as the fact that almost all parameters that were used for calculating the score are available for patients who are examined in the emergency department, with the important exception of blood gas levels.
The mean APACHE III score (‫ע‬SD) at the initial visit was for adults and for children ( ); this dif-12 ‫ע‬ 9 2 2 ‫ע‬ 12 P ! .001 ference reflects physiological differences between adults and children rather than different degrees of severity of illness. More important, however, is the fact that the score had deteriorated significantly more for children (25%) than adults (7%; P ! ), in spite of the fact that for 75% of the children (vs. 43% .05 of adults), an antimicrobial agent had been prescribed at the initial visit ( ). Although some differences in the clinical P ! .05 score were noted between the study cohort and the control groups, these reached statistical significance only for the pediatric patients. Therefore, the clinical score as presented here does not appear to be helpful in predicting bacteremia in adults. Additional laboratory tests that might be assessed with respect to their usefulness for predicting bacteremia include tests for erythrocyte sedimentation rate and C-reactive protein.
The fact that none of the patients died, and that the conditions of a much smaller percentage of adults than children deteriorated clinically between the first and follow-up visits, accentuates the rather benign course of most of these cases. In this study, physicians discharged 6% of bacteremic adult patients; however, in only 36% of adult patients (and 25% of children) were the organisms again isolated in blood cultures at the return visit, and all recovered with appropriate treatment. This indicates successful therapy with an oral antimicrobial, transient bacteremia, or very-low-grade bacteremia that was below the detection level of the laboratory methods. All these possibilities accentuate the fact that these patients had been discharged at very low risk after careful clinical assessment, despite the presence of bacteria in the bloodstream.
A MEDLINE search revealed only 1 other study of blood cultures of adult patients who were released from an emergency department [8] . This retrospective study consisted of a random sample of adult patients who, during a 15-month period, presented to the emergency department with a febrile illness. Of 1350 patients who had had blood cultures performed and who were not admitted, 75 (5.4%) had false-positive culture results (i.e., contaminants were isolated) and 24 (1.8%) had true-positive culture results. The medical management of only 7 of the latter 24 patients (29%) was affected by the positive blood culture results. The most frequently isolated organisms were S. aureus, Enterobacteriaceae (including Salmonella species), and S. pneumoniae-a finding similar to ours.
Our study has several limitations. First of all, although we used commonly employed criteria for identifying contaminants, the definition of contaminants is not universally identical [1, 9, 10, 15] . Second, we could not and did not wait for final identification of culture isolates before we located patients and contacted attending physicians. This train of events was set in motion once a blood culture result was positive and a Gram stain showed gram-negative bacilli. In cases that involved grampositive cocci, the procedure was the same as for cases in which blood cultures of specimens obtained through у2 venipunctures were positive. We believe that this approach is commonly employed by microbiology laboratories and that it is clinically appropriate. However, certain gram-negative bacilli may eventually turn out to be contaminants: for example, Ochrobacter, Acinetobacter, and Stenotrophomonas isolates were recovered from 6 (10%) of our 58 patients. These patients were contacted, and they returned to the emergency department for reevaluation before the particular organism isolated was precisely identified. We believe these patients were appropriately included in our analysis, because they represent part of the clinical problem; only careful clinical correlation, done as soon as possible, may lead to appropriate clinical management. This highlights the fact that patients suspected of having bacteremia should have 2 blood cultures performed on 2 specimens drawn through separate venipunctures [2, [15] [16] [17] [18] .
Third, we found that 6% of adults who were examined in the emergency department and had blood cultures performed had been discharged before the culture results became positive. This rate may vary among hospitals, and it depends on a number of variables, such as the case mix of patients encountered in the emergency department and the policies that pertain to the performance of blood culture. However, performance of blood cultures definitely has a place in the evaluation of certain patients in the emergency department, even if the patients are subsequently deemed to be well enough to be discharged for further ambulatory care [19] [20] [21] [22] .
In summary, this study has shown that 6% of adult patients with bacteremia who were examined in the emergency department were discharged. Although the relative incidence of this problem is 3.7 times higher among children than among adults, there appears to be at least 1 adult with occult bacteremia for each discharged child with occult bacteremia. The current clinical score may assist in predicting which sick children (but not adult patients) are likely to have bacteremia. Careful clinical assessment will not prevent discharge of some of these patients; however, these patients in general do well, and they can be subsequently safely recalled for reevaluation and complementation of therapy.
